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t. ttMa^£««f»sift^«iftt&#gt£« mm 
v&m&it&fr l t ia» $ n s #s is® * wr s fft^s 

t. ftmmmm&mttm&m&gmtfiiii^mt, mm 

zmz&mvffi^MteMfsmmx'fiSjLt b*«gs 
iRsst* m^mmm^micmm^tircmmm^m^ 
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[M$g 5 ] m Emmmt . 3 9G&tmsnfi >x <? at- 
c t t -r z m&m 2 mffivmmmm&zmm l 

mm ur=ssix^sif i->xfA. 

[000 1] 

fc^X^SItffiS'X-rAKflitK #lc3§12X<Hci5i^T 

m L T*f t -T 5 3^«lc EP L fe W- Wf*- ^ cDft?«Ti^*1f 
«X»11IHBS9f*««L, SSXcO^a{k^0S«fc3 

[0 0 0 2] 

[0 0 0 3] CCD A R^XfATtt, =f— ^l/^riiLT 

nrc c g u:^ismmtm<oiLmm^ xmyttntz 

T'#^~>-X;l/-^-i'7 p C0HMD3!)^Jffl$nT<,^ 0 C 



(3) 
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<D£?Ki/-X)\s—5'-J7<DHMD (JWT\ STHMD 

v^^n^ra t c g wm&m*%^mzm%.& < sfe^ 

46, C © A R ->Xf Aftt STHMD ^gl LftiSf 
[0 0 0 4] £:C5T\ M^T'©{^cD^V>±*X»T' 

ufcWJ^^^^nrv^^^, jgffiBoJsjt^Jt^fc: 

C G ic X i T{t$Lfc^$^»«^£&i6^T'Jfc« 
TV^ 0 5t»^cDStaSX*-ett^>£#J 

©sg^ffiB^ifett^i-efflti u ^<o*6W^^fe t k. 

[ooo5] n^cDSsiT-a, mmzmnvytcib 
^ssx^tTafc&^ffl^^^tftonTt/^o cne. 

[0 0 0 6] h>*;l/fflffiX*tC*5^T, coiSfctl- 

purr*. c©ra£**^T&^aiWfc:#$«ui4* 
©ttmxmfey r ^— x*x/<— b ->xfi 



[0 0 0 7] 

H'JX«*eUK Lfc±7tcftSX*t fcV^TJi, feTF<D<fc 5 
10 ^cfpHtcfe^T A Ri^X-r AO*AC«J:oTJ-XT^L 

[0 0 0 8] (l)«5?"?©a*?LB | J?L J f > 3[»»*ti: LT 

gttX&tCfettS^T/WUi'^XtefeV-'Ttt, ^(0 

titS*^ y h^T-v— ^©tefitc K U rt'S- 7 

M^if^tTtil^^foTV^Co "(til 

X«T&2MftB£v-*y^U Bt)ii*»WfclEa** 

C 46?iJ»tc J; t> &B&i6 £ ftfcttfBf fc fS 0 &tr <fc 5 K L 
TU. 

(3) 1137^ U - h cDE®5^«SthSffi«: fe (c^SI 

(4) JU3l9^«ao«#T?«, b 2 MI®^ 

[0009] -r*t>%, fit*© h >*;i/fifixt?{i, 

p*T^*^^«ssxfc*3v>T, &*)&>mff3i<cmm?z 

so (4)±aL,/-c»?«f">X7 i AlcJ;Sfi?W^{i 2 3&7C*V> 



(4) 
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[ooio] l^u : ttit><Dmmi&m*z zicmtb 

COO 1 1] 3^*ftH#;W->*-r£fc«fc5#*T*g* 

[00 12] ?P.tC7P'^-X^X/<— F^X-rAfcJ: 20 
SCt^T^So iatCCnt^tOf*— ^-X^Sfcit 

err s c t -e^jg^j^^mifc &Kmm t *w»c*ps 

[0 0 13] ±&Lfc*—7D tfeiHrtlc 

T*zztti>ic s ffi$m±<Drc&<DW®a:<Dmw, -ft 30 

[0 0 14] ?CT\ *5£W<Dgm*±i&Lrcm&<D& 

WThm-r^mm^mmv, c g tc «t oM^nftii 

[0 0 15] 

mm*Mm-z>rctb<D^m ±mmm*mm?zrztt> 40 
* l fc =r- ioi/*^ l rwrnwrn t&z *w©5Sfesmi 

T^x^h*, ftliX@lcmLfc-i'>-r-y*X*tt# 
LTg*bfcS6X3£81t$Hx-*^-XS«a5i:, Bute so 



mm?-** mszmm^miz »* s a syimc 

[0016] ttmm<Dm&iiL&%mzm&tiLWtkm¥®. 
t. ftmmvm&mmitmzm&mmmm&mt. mm 
l it dr- y l rmmsam tzzftfto mn^m* 

m^mt. mmxium^nm^omm^rnxmrn^nrz 
mm?- zzxtimtL rm^xmm^n 5 mvm t > 

^rmti^rziiLmmmcm^x, ttrnmsmmt* 

*-7Vx?bmm&£, mmmmztirzmm*?-? 
x 9 hcommT—zzmmmmfn^&icmmztirzm 

wi&t. fmmmm^micmffiztirzBmm^&m® 
[0017] MmmjL^mmmT-z^-xwmmz. 

[0018] ±mmmmi.. jS»i¥w^xt-at»**c 

feSl/->{i3^7tflfiS^«f^X-rA-efe»), i->Xf 

&t>, m->xf-KKmm^tirzm^(DMmxmm^mi 

TL.X#.tt>iE>tirz*~7u y ^<0JBtt&tf/*fc«iB« 




CO 0 1 9] 

J: SiK3B3E^S*f*SS-r S fc«>tc S T H M D 
*aSlTl>«. CCDS THMDti, i^ftlO^W^— 

x;i/-^raKj:-3T»»*a»RrftBadr-^;i/^-r^o i 0 

So 

[0 0 2 0] S THMD 1 0(in^e»OA*t^^Jl 

[0 0 2 1] *e.ic03t^bfcJ;3fc, #H#W#*> 
7UXA2 ltfSi«4xT^*. C£DKI*7 P UXA2 1 

h-^yl/Xf-: y-a >2 2fflyT?S«S)t*nSO^ ft 

Jt#WOaKWffi«E0Offi«Ai«fflin»**o *fc, h 
-*;PXt— S/ 3 > 2 2 fCtt g»3§JSttflgtffl|*. £ftT 
^S©T\ »»^*f^iWWOWIittMCt|tEO*3S3WE 30 

EOfcHj&ffiBEi Cte&©«5FLn!l**ffiB) ££>tfiiB*f 

ffiBEl£LTIft'5&fc>ftS„ CcOlSiSfitBEl 

OSILfitB (EU ER) fc«3»«nT«l»)«ton*««» 

T*B<S 0 

[0 0 2 2] fefc^tf h>^.;I/^<D«ji!Kj-e«tn:p©«5 

tcb-^VXT— ->3^2 2^6O»Jg6Cfc0fPII#W 

flX#fc:te</>Tf±, AXffiMSfcfiJ/flLfcDG P S (t* 
^77l/»t;^3GPS) 

K«korffji#woa*fflBEi*»j*fl5an»*a-r* 

[0 0 2 3] STHMD10*«tbft«|ITOfti« 
ftS£#WcD££i|lfc: ^» J a-fe 2 3 sMS t) #«■ so 




#Bfl2 000-1 55855 



>t-2 3«3f|iDt >U— 5. * »3 , CM >i}--til 
^tc^O-teVtf-— LT©2?» (ft*) -r-^^ 
St#-f SC^tfT^So ^^^D-fe>-9--2 3KTC3.T 

E2^ta-T5C fc^PlteTfeSo £SlCV7h^x7 

# iij&gi* e ims&tmm e i *iaiw- 5 <fc 5 k u 

— *tt«fcflsS*IW©S*LTV'>*S THMD 1 Olzm 

[0 0 2 4] CCT, flMW©KIHfflM£jS»;*nfcS> 
©E2, ta^fi£BEl«rt#S-r— ^ffiSfcoi/>TBiWr 

So ftnmw<Dsmicm%-$tirci?*'{B±>-*)-—2 3 

■b>-9-— 2 3^'kffifi^Ii^tLfcXYZttmo* 
ffi^*Wl/E2 (0x.0y.ez) ^LT&W^nSo CCD 

— &J5<z>mmi)&k (x.y.z) (cjg^#ttenfc 

1 — ^;Uf->3>2 2A^M?tlftb-f-M 
St/h-^f^X^— ^3>2 2ffl|-p^LT#fcSS*Jt 
1f^6S#t7 , UXi, > 2 ltDftB, -r^^*.^#WC0 
SBHSPffiBOffiSEO (X0.Y0.Z0) *^f5nS„ CO) 

El (X1.Y1.Z1) KMflESft*. CCDJcdKLT, ft 

^^xf-: */ 3 > 2 2 oswbjmmbicj: wxxaw. 
■Dm («jatt«E0 ^tti-rs<ii:^T'SSo :o 

tatj-rctA^^So 

[0025] ^2gm»caaLT*^«n5{5ffl 
3if*wi»*«3K-rsfci6tcfflv>ens#acDSSX(Drca6 
cO)5^iX^M'lf^7 ^ -^-<-x^^ov^TlttH^•r•5o SSX3t 

LfcflSX3tlS1S«-r-*^-XS«gS3 2l<:Sa«nT 
[0 0 2 6] S*««x-^3 oay-^x^-^s^ 
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(WS) Vj-;l=i>\s 3.-$t ( PC) ±v 

m®-?2>39l7T;C ADV7 x.T±T*ftf&1[tU DX 
F 7 T << ;l/JgSt?«#^nTVSo * LT(K2K£{«fe» 



xs5[8lf f y 

c fc tta-r s ssxssif ssx^mt sf - * ^~ 

-So 

10 [0 0 2 7] 
Si] 
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tetix 


majx* 
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□v^rtouhx 




Sftx 
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mum 








&flt 
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coo2 8] mmcTnLrc^oic, —mtLxvy^-jv 
ism ffiffisix mmT.mmcisvz&Mxm.m 

L fc ■< y 7* v ? X ic ftlfc L T m 5> n £ «fc 5 lc & o T V ^ 
5o Sfc, ^fiSX^SIf^fCtt^f*-^, ^y^a^ 
7*-*fcLT<Db-<;I/ttM- (O, AfS^) #2nT*5 

^M^:s^-r & c t fc Tffs 0 

[0 0 2 9] COftiXSaillWBT*— 2 
tffllsn«BI*7"i?i^ b<Dfc£: i:45i*Mf 
— * 3 0 2>\ TztfLtfY- >%foM&T.mcl3t,f2> Uvt> 

{aa^cD^-^^sm^nso t^^axtD/c&co 

A-r— S&*#I*LfcSSyi&-r*X^— SIR© 
[0 0 3 0] fcC5T% flMWOfflMHB 

h^fiSc-TS^ *WfcflffR#WtfS THMD 1 0 



3 1 3r:ffLT{£B1f?8 (EK E 

2) <r>mmfc. mmw, mmx^—^om^ 

so 

[00 3 1] S&fc<l(?[)«IH*^x-J'K±<g«3i«:tt 
#i:LT«^7 i -^^gP4 0, B^M^^gPtbT 
©HMD3>ho-74 3^6ffi#Wi5S THMD 1 
0 fc««Sft-tV*8MIMt^*tt 1 5^/M.Ttt^a 
^■1 2tLTtoa^? icS^Stl 

[0 0 3 2] CCT% ^23:#i$LTy-hPC3 lrt 

40 ^w^si^-rsy-hPC3 i «7 s ^x7 p u-r(i02 

^-^x^ h^rS THMD 1 OX-tmmt&tzlblz^ ffi 

W£DffiB1f^ (Mt§EK I1jS^E2) *^±5BLfc 
so |gt«1f^i:UTttl^$nTV^ 0 
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[0033] ±a©LH«u Rwm&mi&-r2>mm*7 
-zicjmztiZo ^LTs commas' urnm, 

RH{£) tiT^-D^RGBM^t hPC 3 1 

3tta^*ns. 

[0 0 3 4] H2lc^b/c«fc'5{c. ±k2©7^-d^rG 
Bfg^JiRiMt^-^&glH 0 tLTCDX^^n:/^ 10 
-2 T? R Witjt^r— % JkXS L #©fc&£D 2 OOH 

«-r— ^{C^BISn, COHMfrr— #*£Sfc:S THM 

2) zmmhrcffim*???** hfrttmm<DiLwm 

C 3 1 <DiS®±{c*^?nfcRH«i: LH«K*H,Tff 

fc>ns 0 fit, sflt^ictosff^nrcSffoiS^T 5 

— ^fiWHST*— 2^8S8M OOlgKDX^-vvn;^- 
£4 l tcA^J^n^ WilcD^vyziy^— $4 l 

-^>n>/^-^4 2fctB^m^X;l/-T'i7 hStx> & 
VM^feBflI©LiIif*7*-**TODtHSft*. CORHtft! 

teX-<y^>y«nTWH»fll9<EaS«4:bTOHMD=i so 
>f-n-7 4 3itH)«n5. c©4:*H«HI^«NT 
S C*P8!HI*§lcgg|£nTi^5o C<OHMD3>ha- 
3^LTffI#W^8fLT^5STHMD 1 0 
OBWtMI^flSIS 1 5fcfi(*W(Hl*t*<»ffiS*U ST 
HMD 1 0rtO«^?lc««3t«:B*«*^^$nSo 
CC0t#HMD=i>ha-^4 3*^ftifW<OSTH 
MD 1 0 $TOf-^£il(i»$fc(iSi<D^f 

[0 0 3 5] |1. HaC^bfcffSI*©*^ 

mmmmtftztiLWis. <t-sthmdio zmm-? 

So COS THMD 1 Oiam^mmtLXif^ViO) 

m&(D 3 %7z<z>®mt>mffl-v% s n-t >v— 2 3 
*»**se^woM»»cs«^y xa 2 1 *^#^nxv> 

So C<DK*fX'JXA2 lfc»LTffiittB©»2r<DBE 

»iffi«^tess«nfc Y—$>ix7—i' 3 > 2 2 mic <k 

JtS^STttenSo &*3> Mn©«-a-tt. DGPSK so 
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[0 0 3 6] ftlfWIiWtflfnVhn-^S 1 #1* 

-t^oTcwp, off iiicisBaaiisaHiHBsatr 
k*aw*n/fc«ix3aiflHR©»iai*y^x*h»4, ff 
^ntMtw©STHMD i o<D*^^ic(giii^n 

THMD 1 0 0)imtH<r)s\—~75.^—lcWLlii-£ti2 >o 

n urn s n^<EBic{ttfc«M*ff it^wsw c e>fT-3 ff 

fco-r^o cofc*flsiB#wii^7c©Hffi^©ffi;&gy§ 

nfcBWitfifoTifi^ *ff**ja«>«ci:*«"e**. 

offi«w«tta3fcp c 3 i tasBtu «w*rs?x^ f 
ojg«^fH^oMff*^*n«o cnicfco, ^iftm 
offii#wo«ja««K^t>-arriitcf¥Sii«wttg»3^ 

fe^tSCtA'T'f, ffSt#W©3!ttLfcff**H@l 
[0 0 3 7] &lc, C<0'>XT-A*ffl«/->feSIJ8ifi»Ji:LT 

mic-o^rmw-r&o m4 (a) t±f85fca£n:«fcsh> 

«*^WtejRLfc«5K*WEHTfcSo WHlctt, St 

So -73. @4 (b) ff*#Wtf*ISK:JS."CVS«l 
Wi 1 *««T51!S3»|infc. ff«#W««tt3»Ufc S THMD 
1 0OA- 755- fc^£nfcim^J£«DfBRfL2<D 

2nt^5„ ffsi#w(i3isi^H<D«j^ffit«:B*mi^n 

*«*nfc»Jjg«0»J?Ln -y F 5 <D9cV&* 3 ^rcWfctt 

MF«9T'(D^teffi«^J^fe•&fe■a•TKLtH^t^TV^So COft 
46, 1 T*i!&fflfl&^a5 1 a 1»<0««ff 
ff O&olc-f SCtfeTfS. C<75«ta^fflS#WA^ 
JK LTV^**PBO«B? 1 fc»J?L^^£D«ffi[?L 2 *^ 3 ^tc 

fflateff**fca&^©ff*isa<»ttsn*fc^$#y 
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[0 0 3 8] 0 5 (a) tt«ffi|l«:flsi,\ mmWSX&U 
HMD 1 0%mLT3,tcffim?Jia£^ 05 (b) K^U 

s„ 

[0 0 3 9] 06 (a) (iglny^'J-MfST-© 
6 (a) K^bfcS&SttMHcfcVvr* iE»&^}£jg:tfcfc 

aa^^nft 2 Miny^ u - b 8 (DmmiLimM^m 

Xg^^BMrTSCfctfT'^So C«Dfc^Siti*:©i» 20 

oai^tttsncosxttDa* Dgp»8 a ^jti?-rs 

[0040] mc, mM<o9tM7 t -**iBML. ^ecotf- 
thmd^ LTUfstcM z.zw?f*i <ommcmt3ixm 

f? *S<fc 3 tc L/cSISt<7)^ffi(COV^T0 7 *#88LTSi 

s^-rso 

[0 0 4 1] ^X-rATti, mKDi'T.'rL.MfS.mic 

LTft?#Tg|5 5 0 -CfTo fc/IWIS**, figX^gfit $87* 

X3 2fttf»H*:/^x*h»fl|*»3 4fc:8l 40 

[0 0 4 2] JLXK MiititOgSXlM tc. h>*>m 

(Offi^fflBfascrfcfciKasnsf*— * 

mtm, (Hmm. mm^y^v-v, ay 



ISHS 2000-1 55855 

14 

jftsns„ 

[0 0 4 3] ^P.tcCtlP.OiR^^n/c^-^fo:, & 
[0 0 4 4] r3^«ag^*f^XT- 

Ad t«0 8 tc^Lrcj: a tc h y*->imm?sfoicm LT 
^s«o®rffi-r f -^A^^L/c¥ffi0. ommmzti 

«WMff, »fM^c0M«. ^1^**09 (a) % 
(b) tC^Lfc^ofCs ^7?[r)A, B (08#I) (0 

[0 0 4 5] $fc, 2|c||fifi<DJgflgOjS»»«f^X'rA-e 

mmmmmicmmznrc p c ic-y >x Y-immrs. 

g*0^»cD>'X7 i A^39^LTV>So C©PC±©jS» 
AniLfcfctO^rfflV'TVSo iim, CtOSOJM^Wri'X 

ffi. '-HTV^it^rlBl^LT, COHSfttt«fflV^* 

[0046] 3*^*f^m^fflv^/-c^sij»«f{i, igfflifeaj 



(9) 
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(Dmm tmti-eifr&z c t % s„ 010 «<g«±r{* 

COO 4 7] itfc, «EHlt77^-x*XM-b>> 10 

BiigT*#si:i:t>{c> ffixn<oiM F£ Lxmxomm 

it. »Sl6l±«@5Ci:*iT'tSo 
[0 0 4 8] * etc, *-:/a>y *fi?#T<D|g*, }SfiW 20 

c kimmcik*o Wfc* F-Att (¥J*tf) 
[0 0 4 9] Cfttb&MMtfi, *--7uy?t8ffi<Dm$k 

aw*. *bTf^ai#©aj«tf**»»jjiA/?£*7s'x 

[0 0 5 0] $*afttft SaHL 3&7C7*-* t LTjxifc 

«7*-*©wi6ft:*ia'3, 2 ^tE^^-t s c t -em^-r 

7 i/*-x+X/<- Kv'XxAT'jM^^nfcS-SfflffijX 
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? tc U 9itt«i«t*iBftXtt*(*iP L7£tta*«JKWfc 
SSKTSCfctfTfrSo 

[00 5 1] a±©B«m±, h>*;l/X**t»J£* 
tf\ *XSK*V^*fSBBO^Xf-A*3^ LTcffiXm 
iZ-D^rWm^Tcti\ C<Dmt&£%:&3.mk LTim 

♦KftV^T^OfflffJttJB^ffiXOaftlWBlS*-^** 
c fete* DU4e«>X*:6fflj*fcf?5 c i: fc WPfc*. 
[0 0 5 2] 

[%B^co^] J-XXta-^fcfc^lC, jt&XSfcfcVT 

ffltT, -r s swt bp l itim?—* <om>sv&& 

it, &iz&<Dm±£^5%im%&irz 0 
[ 0 0 5 3 ] $ 1 ^7c*ait«fcs vti 2 y&cmmm 

WfTCfrSo 
[0fficofS#*i!if«] 

im 1 ] *^t<fcs^3i^j|j®«rfijfflbrcjfix5:sit 

0 O 

[02] *5gwoatxsaiiwis'X"rAo3^, bw»t* 

[0 3 ] fl5«#©ffi«flHB'*»* fci6co-> Xf 2>J|jft<D 
[0 4] ^S/X^AShV^HiRX^tefeWa^Wfl- 
[0 5] *->X-rA*b>^;l/itK:X*fcfettS3£«X 

So 

[06] ^^XxA^hy^-^aiSX^CfeWSaxffi 

[07] *3m\c**GM8&et^mi*iti*x3£atii 

[0 8] 3^7t«6K^^XxAcDf»*T^meiJ^^L/-c 
«^lK^0o 

[09] 0 8 tc^tfc-T 1 -^^ b z/*)\smwam\zjsv 

[010] !9;ti-n>y^#;l/bti:«tS«kiJjrtJS*3^«JI 
^^Lrc«^t«c^0o 
[?fF9co|ttB^] 

10 ->-X^- / N7H'7'>yf7Ff-fX7'W (S 
T HMD) 



(10) 
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1 1 t(~>f)\, 

1 2 vmwmkw 

1 5 mm^mu 

2 1 m&tiLwmui^m 

2 3 m.^mmia^m 

3 1 IW^f3>hn-7 
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32 mx3cmm%iT-z^-xwm%(i 
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[Claim(s)] 

[Claim 1] In order to catch the actual space of a view location detection means to obtain an 
operator's view location, a view position detection means to acquire an operator's view position, 
and the external world that serves as an object for observation through the goggles with which it 
equipped in a visual field A graphic display means by which the image information displayed on 
the equipped display device while penetrating the incident light from said external world has the 
transflective side projected through built-in optical system, The construction support 
information database are recording section which accumulated the drawing object which 
generated the configuration of the structure constructed in the actual space used as said object 
for observation from three-dimension configuration data, It is based on the positional 
information which changed with the positional information of said operator called for from said 
view location detection means and the view position detection means, and migration of said 
operator. The drawing object reconstruction section which reconstructs said drawing object 
serially in order to make said drawing object superimpose on the fixed coordinate of the actual 
space used as said object for observation, The video-signal converter changed into the image 
information signal which can display the image data of said reconstructed drawing object on the 
display device in which it was carried by said graphic display means, The construction support 
information system using the virtual reality characterized by consisting of the video-signal 
transfer sections which transmit said image information signal to the video-signal receive 
section with which said graphic display means was equipped. 

[Claim 2] In order to catch the actual space of a view location detection means to obtain an 
operator's view location, a view position detection means to acquire an operator's view position, 
and the external world that serves as an object for observation through the goggles with which it 
equipped in a visual field A graphic display means by which the image information displayed on 
the equipped display device while penetrating the incident light from said external world has the 
transflective side projected through built-in optical system, The analysis section which analyzes 
using the measurement data which were collected on the spot and transmitted by predetermined 
means of communications as an input value, The construction support information database are 
recording section which accumulated the drawing object which processed the analysis result 
returned from this analysis section, and was generated as information-display data which can be 
projected into said visual field, It is based on the positional information which changed with the 
positional information of said operator called for from said view location detection means and 
the view position detection means, and migration of said operator. The drawing object 
reconstruction section which reconstructs said drawing object serially in order to make said 
drawing object superimpose on the fixed coordinate of the actual space used as said object for 
observation, The video-signal converter changed into the image information signal which can 
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display the image data of said reconstructed drawing object on the display device in which it 
was carried by said graphic display means, The construction support information system using 
the virtual reality characterized by consisting of the video-signal transfer sections which 
transmit said image information signal to the video-signal receive section with which said 
graphic display means was equipped. 

[Claim 3] Said construction support information database are recording section is a construction 

support information system using the virtual reality according to claim 1 or 2 characterized by 

changing the image information which said drawing object gives the index corresponding to a 

predetermined menu, and is accumulated, and said operator chooses said index by actuation of 

an image change means at hand, and is projected on said graphic display means. 

[Claim 4] Said analysis section is a construction support information system using the virtual 

reality according to claim 2 characterized by being a reverse analysis system. 

[Claim 5] Said analysis section is the construction support information system which is a 

three-dimension geology analysis system and used the virtual reality according to claim 2 

characterized by having generated the cross-section data of this system as continuous image 

data, and storing them up in said construction support information database. 

[Claim 6] Said analysis section is a construction support information system using the virtual 

reality according to claim 2 which is a cure ****** expert system, is the phase where 

predetermined cure ****** accumulated in this system was chosen, and is characterized by 

making it generated as image data. 

[Claim 7] Said analysis section is the construction support information system which is a key 
block analysis system and used the virtual reality according to claim 2 to which the 
configuration and/or magnitude of a key block which were searched for by this system are 
characterized by making it generated as image data. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the construction support information system 
using virtual reality, especially offers the analysis result information on the measurement data 
based on the target site using the virtual 3-dimensional scenography piled up and projected on 
actual space in the construction work, construction management information, etc., and relates to 
the construction support information system using the virtual reality aiming at rationalization of 
construction. 
[0002] 

[Description of the Prior Art] By development of computer technology in recent years, the 
proposal of the virtual reality which incorporated real virtual 3-dimensional scenography to 
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actual space is made. It projects on HMD (head mounted display) with which the observer 
equipped by making into virtual 3-dimensional scenography CG (computer graphics) 
beforehand created as an animation of a solid figure, it compounds optically with the actual 
space which the observer looked at through goggles, an observer is provided with visual activity 
information, and the simulation system which offers action exchange of the operator in actual 
space is proposed variously. This simulation system is called AR (OGUMENTEDDO reality) 
system. In this AR system, in order to support various activities which an observer does, 
offering CG information on high degree of accuracy that a suitable activity suggestion can be 
performed is called for. 

[0003] In this AR system, on the half mirror located so that the light from the external world 
which carries out incidence through goggles may be made to penetrate, as 3-dimensional 
scenography, such as virtual structure by CG displayed on the display device included in HMD, 
is piled up with incident light, HMD of a see-through type which can be made to project 
through optical system is used. Thus, in AR system using HMD (it is hereafter described as 
STHMD.) of a see-through type, fusion to actual space and virtual solid space can be aimed at 
by laying CG image space with a sufficient precision on top of the actual space which the 
observer is looking at optically, and an observer's virtual reality can be realized. For this reason, 
it is important to grasp the three-dimension location of the view of the observer who equipped 
with STHMD in this AR system. It considers as the thing with indoor realistic laboratory level 
as an environment where an observer can use STHMD for the moment. 

[0004] By the way, although the case which used virtual reality which was mentioned above for 
activity increase in efficiency is not reported by the civil work with many activities [ on the 
outdoors ], the technique of inserting in the scenery photograph of a original location etc. the 
completion anticipation structure created by CG, and performing simulation of a configuration 
or color is performed from the former. That is, in construction works, such as engineering works 
and a building, the construction location of the structure is grasped by the absolute coordinate, 
and the structure which has a structure dimension on a design based on the absolute coordinate 
is built. For this reason, if various kinds of construction can be performed for the various 
structures with CG image of a predetermined dimension on actual space using fitting and this, 
construction of quality equivalent to the result by the so-called skillful activity will be attained, 
and increase in efficiency of an activity at each process and improvement in precision can be 
realized. 

[0005] Moreover, in actual construction, while performing measurement for work progress 
control etc., the ground situation of changing with progress of construction, the shape of strange 
[ of the natural ground under the effect of work ], etc. are measured, ****** to the shape of 
strange is incited based on the data, or various kinds of analyses for performing suitable 



3 




THIS PAGE BLANK (USPTO) 



# 



2000-155855 



construction are performed, a case so that the ground situation of the working face location 
which advances in a tunnel construction work etc. based on these analysis results may change 
every moment — the natural ground — the shape of strange can be predicted beforehand and the 
required information for constructing safely can be acquired. 

[0006] In tunnel excavation work, the following analysis systems are developed by the applicant 
as an example of analysis based on such a measurement result. 

** Create the analytic model of the cross section for a tunnel beforehand [ reverse analysis ], 
perform reverse analysis based on various measurement data, and identify the elastic modulus 
of a circumferential remote crest, initial ground stress, and a Poisson's ratio (output in reverse 
analysis). Displacement and stress prediction of a natural ground or a timbering member 
accompanying next step story drilling are performed using this identification value. 
** Analyze the geological structure in the tunnel vertical section direction of a natural ground 
using the digital image of three-dimension geology analysis system tunnel working face, and 
perform ********** f or ^ beforehand supposing change of the geology in a working face inner. 
** Select suitable ****** etc. to the fracture zone which encountered using construction 
databases, such as cure ****** fuzzy expert system working face image data and working face 
observation record, and use for construction of a preventive measure, emergency measures, etc. 
** Key block analysis key block analysis presumes the location of the rock block (key block) 
with the danger of starting potentially at the time of a cavity or tunnel excavation, and 
magnitude, is performing predetermined ****** to this key block, and aims at stability of a 
tunnel etc. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, in the engineering-works construction 
work which made tunnel excavation work the example, the room of the increase in efficiency of 
the activity which shows the following activities below by installation of AR system, and 
high-degree-of-accuracy-izing is expected. 

[0008] (1) In forehand piling ** in the point receptacle method of construction for the borehole 
drilling in working face, rock bolt hole drilling as a timbering member, and ground support of 
the working face front, marking of the location which surveyed a laser marker and directly and 
was deduced was carried out with paint etc., the operator operated the control panel for the flea 
location of the drilling machine carried in the location at drill jumbo, and the drilling location 
was performing alignment. Therefore, skill on an activity was required. 

(2) the timbering in the condition of having carried out marking of the timbering **** lump 
location with the laser marker, having hung in the timbering **** lump, and having been 
grasped by the lump machine — a heavy industrial machine — it hung, and it was made it as 
crowded in the part beforehand positioned by the location survey by actuation of an operator. 
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(3) Use of iron rods of lining concrete etc. was performed, surveying based on an 
engineering-drawing side. 

(4) In the case of work progress control, the measurement person in charge was surveying an 
inner sky dimension in the survey point which opened predetermined spacing and was set up in 
the tunnel etc. after completion of the secondary lining of a tunnel using a steel tape or distance 
measuring equipment. 

[0009] That is, in the conventional tunnel construction, the following points are pointed out as a 
trouble. Moreover, the policy for using an above-mentioned analysis result etc. more effectively 
in site operation is proposed. 

(1) In the drilling of the borehole in working face, a rock bolt hole, and a forehand piling hole, 
although the drilling location of a base rock side could be checked with the laser marker, the 
decision of the flea include angle (putting angle) for determining the direction of the hole 
prolonged in a base rock etc. was an activity depending on the skilled operator's intuition, and 
an experience. If it puts and proper drilling which it is on a square cannot be performed, 
overbreak and the lack of an inner sky cross section will arise around a tunnel. 

(2) a heavy industrial machine — since an operator needs the auxiliary personnel who guide 
since the location which builds timbering cannot be seen directly, he also has a possibility that 
the increase in efficiency of an activity and an operator's security cannot fully be achieved. 

(3) When inspecting finished work quality, there is only information on a survey point, and the 
information during a survey point also has a possibility that the poor finished work quality other 
than a measurement part cannot be covered, when it is not obtained at all, but the construction 
section is long and measurement takes great time amount. 

(4) The analysis result by the analysis system mentioned above was outputted by the various 
output forms which used two-dimensional thru/or a three-dimensional display, etc., and needed 
to form the concrete construction plan based on the analysis result in the site further. 

[0010] However , although those utilization gestalten be advance further , for example , the 
stress of strain distribution of a circumferential remote crest or a timbering member can be 
predict with a sufficient precision by the analysis result in reverse analysis , when an analysis 
value with the bigger analysis result obtained in a certain location ( field ) than a predetermined 
control value arise , what the die length of a proper rock bolt and the validity of proof stress can 
judge visually in an on-site location be desire in the location . Moreover, if convergence can 
check visually in a actual site, that predetermined inner sky is not securable can grasp intuitively. 
If virtual 3-dimensional scenography can be used concretely, there are the following advantages 
in each analysis. 

[0011] Since it is accumulated as three-dimension coordinate data, the analysis result by the 
three-dimension geology analysis system is comparatively easy to display on AR system, by 
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superimposing and displaying an analysis result on a real image, can grasp working face front 
geology visually effectively on that spot, and can check the construction safety to drilling of the 
next step story which is not visible etc. 

[0012] By superimposing and displaying on the real image in a actual site ****** furthermore 
selected by the fuzzy expert system, the effectiveness of ****** can be checked more easily. 
Conversely, the defect by unsuitable ****** etc. can be known in advance by comparing based 
on an old database, and the selection mistake of ****** by a young engineer etc. decreases 
sharply. 

[0013] In the key block analysis mentioned above, it is assumed in ground Yamauchi, and while 
superimposing the configuration and magnitude of a key block which cannot be checked 
actually on a actual natural ground and being able to check them visually, arrangement of 
****** for crash prevention, a direction, magnitude, etc. can be judged easily. 
[0014] Then, it is shown in the object of this invention canceling the trouble which the Prior art 
mentioned above has, giving useful analysis result information, construction management 
information, etc. to various kinds of activities whose operators perform it in actual space as the 
virtual 3-dimensional-scenography information created by CG is inserted in in the actual space 
which the operator is looking at through STHMD, and aiming at improvement in the increase in 
efficiency of an activity, construction precision, and safety. 
[0015] 

[Means for Solving the Problem] In order to catch the actual space of the external world where 
this invention serves as an object for observation through a view location detection means to 
obtain an operator's view location, a view position detection means to acquire an operator's view 
position, and the goggles with which it equipped in order to attain the above-mentioned object 
in a visual field A graphic display means by which the image information displayed on the 
equipped display device while penetrating the incident light from said external world has the 
transflective side projected through built-in optical system, The construction support 
information database are recording section which gave and accumulated the index 
corresponding to a routing for the drawing object which generated the configuration of the 
structure constructed in the actual space used as said object for observation from 
three-dimension configuration data, It is based on the positional information which changed 
with the positional information of said operator called for from said view location detection 
means and the view position detection means, and migration of said operator. The drawing 
object reconstruction section which reconstructs said drawing object serially in order to make 
said drawing object superimpose on the fixed coordinate of the actual space used as said object 
for observation, The video-signal converter changed into the image information signal which 
can display the image data of said reconstructed drawing object on the display device in which 



6 




THIS PAGE BLANK (USPTO) 



2000-155855 



it was carried by said graphic display means, It is characterized by consisting of the video-signal 
transfer sections which transmit said image information signal to the video-signal receive 
section with which said graphic display means was equipped. 

[0016] In order to catch the actual space of a view location detection means to obtain an 
operator's view location, a view position detection means to acquire an operator's view position, 
and the external world that serves as an object for observation through the goggles with which it 
equipped in a visual field A graphic display means by which the image information displayed on 
the equipped display device while penetrating the incident light from said external world has the 
transflective side projected through built-in optical system, The analysis section which analyzes 
using the measurement data which were collected on the spot and transmitted by predetermined 
means of communications as an input value, The construction support information database are 
recording section which accumulated the drawing object which processed the analysis result 
returned from this analysis section, and was generated as information-display data which can be 
projected into said visual field, It is based on the positional information which changed with the 
positional information of said operator called for from said view location detection means and 
the view position detection means, and migration of said operator. The drawing object 
reconstruction section which reconstructs said drawing object serially in order to make said 
drawing object superimpose on the fixed coordinate of the actual space used as said object for 
observation, The video-signal converter changed into the image information signal which can 
display the image data of said reconstructed drawing object on the display device in which it 
was carried by said graphic display means, It is characterized by consisting of the video-signal 
transfer sections which transmit said image information signal to the video-signal receive 
section with which said graphic display means was equipped. 

[0017] As for said construction support information database are recording section, it is 
desirable to change the image information which said drawing object gives the index 
corresponding to a predetermined menu, and is accumulated, and said operator chooses said 
index by actuation of an image change means at hand, and is projected on said graphic display 
means. 

[0018] The above-mentioned analysis section is that it is a reverse analysis system or a 
three-dimension geology analysis system, and it generates as image data which continued the 
cross-section data of this system, and is made to make it accumulate in said construction support 
information database. In or the phase where predetermined cure ****** which is a cure ****** 
fuzzy expert system and was accumulated in this system was chosen It is desirable that making 
it generated as image data, the configuration of the key block which is a key block analysis 
system further and was called for by this system, and/or magnitude are generated as image data. 
[0019] 
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[Embodiment of the Invention] Hereafter, the gestalt of the 1 operation using the virtual reality 
of this invention of a construction support information system is explained with reference to an 
accompanying drawing. Drawing 1 is system configuration drawing having shown an example 
of the construction support information system of this invention. As shown in drawing 1 , the 
operator (operator) who operates a construction machine in a tunnel has equipped with STHMD, 
in order to feel the virtual reality by 3-dimensional scenography in addition to predetermined 
insurance equipment. With a well-known optical see-through method, this STHMD is the 
display of the goggles type which can project an image, and it is used for Operator's W face 
section, equipping it with it directly. 

[0020] STHMD10 is equipped with the graphic display device 12 which can project an image 
on the half mirror (not shown) held in the incident light from the external world goggles 11 part 
equipped with the liquid crystal shutter (not shown) which can adjust transparency, and in 
goggles 11. The TFT-liquid-crystal panel is used as a display device of a graphic display device 
12. The image displayed on this liquid crystal panel is projected on a half mirror through the 
optical system (not shown) which consisted of two or more relay lenses held in goggles 11 flank, 
and mirrors. 

[0021] As furthermore shown in drawing 3 , some hard hats which Operator W was wearing are 
equipped with the reflecting prism 21 as a view location detection means. This reflecting prism 
21 reflects the laser light discharged from the total station 22 installed by the predetermined 
location in back. Since the reflected light is again received by the total station 22 side, the 
location of Operator's W parietal region location E0 can be grasped. Moreover, grasping the 
parietal region location E0 of the operator W who moves, since the total station 22 is equipped 
with the automatic-tracking function can be continued serially. In addition, since location 
amendment with Operator's W parietal region location E0 and the view location El (mid gear 
between pupils on either side) is also performed serially, Operator's W positional information is 
dealt with as a view location El. In addition, although this view location El is converted into 
the pupil location (EL, ER) of right and left of a proper and is dealt with by the operator for the 
3-dimensional scenography creation mentioned later, below, the view location El represents and 
describes it for simplification of explanation. 

[0022] For example, since the absolute coordinate of a pithead is searched for in the structures, 
such as a tunnel, it uses like the distance from a pithead and total station 22 location can be set 
up. Furthermore, it can ask for Operator's W view location El by ranging from the total station 
22. On the other hand, in outdoor work, Operator's W view location El is detectable by the 
absolute coordinate with the monitoring feature by DGPS (differential method GPS) using 
Satellite S. 

[0023] The gyroscope sensor 23 is attached in Operator's W hard hat as a view position 
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detection means to detect the view position E2 of the operator W in the condition of having 
equipped with STHMD10. The gyroscope sensor 23 used with the gestalt of this operation 
consists of a sensor of three shafts, and the position (include angle) data to a sensor core can be 
gained with this sensor output, the gyroscope sensor 23 - replacing with — a servo — also by 
equipping with an accelerometer etc., it is possible to detect the view position E2. You may 
make it pursue the view position E2 and the view location El from a motion of Operator's W 
detected pupil by furthermore using software. Operator's W view location El and the view 
position E2 are acquired as data using such data. This data is used as information for renewal of 
the drawing object of the virtual 3-dimensional scenography displayed on STHMD10 with 
which Operator W has equipped behind. 

[0024] Here, data processing which obtains the view position E2 and the view location El using 
the gyroscope sensor 23 and reflecting prism 21 with which Operator's W parietal region was 
equipped is explained. From the gyroscope sensor 23 with which Operator's W head was 
equipped, the direction which Operator's W head (face) has turned to is detected as a unit vector 
E2 (theta x, thetay, thetaz) of the circumference of the XYZ shaft which made the center 
position of the gyroscope sensor 23 the zero. The view position E2 is acquired based on this unit 
vector E2. The coordinate E0 (X0, Y0, Z0) of the location of a reflecting prism 21, i.e., 
Operator's W parietal region location, is acquired from the reflected light information which 
received and obtained again the laser light discharged on the other hand from the total station 22 
installed at the back known survey point A (X, Y, Z) by the total station 22 side. It is amended 
by this pan in the view location El (XI, Yl, Zl) which is a pupil period alignment location of 
an operator's left right eye. Thus, also when Operator W changes a location with various kinds 
of activities, the automatic-tracking function of the total station 22 can detect the positional 
information (view location El) serially, the position coordinate of the actual space which 
Operator W is checking by looking at this time is beforehand decided as a fixed coordinate by 
location survey — having — **** — a sake — Operator's W direction of a look, distance, and the 
object for a check by looking ~ it is — actual — space — a meaning — a response ~ the price — a 
**** decision is made. It can project on the actual space which Operator W is looking at by this, 
and STHMD10 which Operator W has equipped with the virtual 3-dimensional scenography 
piled up thoroughly. 

[0025] Next, the construction support information database for various kinds of construction 
used in order to build the virtual 3-dimensional scenography displayed on actual space by 
superimposing is explained. Various kinds of temporary construction from which a construction 
support information database serves as an object which offers construction exchange using 
virtual reality, Based on the basic form-like data 30 of the three-dimension configuration which 
created the solid configuration of the three dimension of the **** structure etc. by the 
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predetermined contraction scale based on the actual engineering-drawing side etc., as view 
information The configuration, It considers as the configuration where the vanishing point was 
changed suitably, is generated as a drawing object which can draw, and is accumulated in the 
construction support information database are recording section 32 shown in drawing 1 . 
[0026] The basic form-like data 30 are created on the three-dimensional-CAD software which 
works on a workstation (WS) or a personal computer (PC), and are saved by DXF file format. 
And it is accumulated in the construction support information database are recording section 32 
as a drawing object changed into the data format [ handling / data format ] with virtual 
3-dimensional scenography construction software. From the construction support information 
database are recording section 32, the drawing object as construction support information data 
[ / based on the index given ] is suitably taken out by actuation of the image change controller 
31 (refer to drawing 1 ) which the operator W who is near [ actual ] a site carries, and can 
display now by it. A table -1 is a chart having shown a part of construction support information 
database are recording section 32 in the gestalt of this operation. As shown in this table, in the 
construction support information database are recording section 32, the drawing object as each 
construction support information data is accumulated in the work item and the table format of 
having made it corresponding to the matrix classified by need construction support information, 
respectively. For this reason, also when work items differ, construction support information in 
common is repeatedly taken out from the construction support information database are 
recording section 32. 
[0027] 
[A table 1] 
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[0028] As shown in this table, it can respond to the index corresponding to a work item with the 
various fine construction support information needed as an example by each construction phase 
in a tunnel construction work, a slope protection, excavation work, etc. Moreover, level 
attachment (it displays by O and **) as indispensable data and option data is carried out to each 
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construction support information, and the drawing object which an operator needs according to 
a situation can also be chosen suitably. 

[0029] If the basic form-like data 30 used as the basis of the drawing object accumulated in this 
construction support information database are recording section 32 are the creation information 
of the drawing object of the rock bolt of rock bolt ** for example, in a tunnel construction work, 
it consists of data, such as a diameter, die length, the placing direction of a rock bolt, and a 
placing location. Moreover, the various information on the deformed bar in the iron rod data for 
a secondary lining etc. is also given as information on the same wire rod. Wire rod data like 
reinforcement are generated in the solid data which consist of field configurations like lining 
concrete as a drawing object which stuck the suitable texture element which took texture into 
consideration to the frame data used as a frame, although a real feeling is not spoiled in an 
image even if it performs suitable simplification in a display. 

[0030] By the way, in case a drawing object is generated by making Operator's W positional 
information (the view location El, view position E2) into a view parameter, the breadth of the 
actual space which Operator W is looking at through STHMD10 actually, and the adjustment for 
the display scale of a drawing object, a vanishing point, and stereoscopic vision are not taken 
strictly. Then, in order to generate this drawing object as a real solid image in actual space, 
initialization of positional information (El, E2), fine adjustment, adjustment of a display scale, 
and image adjustment using the body information on each operator proper (the gap with the 
parietal region E0 and the view location El, pupillary distance) can be performed through the 
image change controller 31. The solid configuration of a drawing object etc. is changed based 
on the view parameter which follows and changes to migration of Operator's W view in the 
drawing object reconstruction section 34, performing these adjustments. 

[0031] Furthermore, this drawing object is displayed on the display device (not shown) as a 
graphic display device 12 through the video-signal receive section 15 carried in Operator's W 
STHMD10 from the HMD controller 43 as the image data-conversion section 40 and the 
video-signal transfer section as virtual 3 -dimensional scenography. 

[0032] Here, the configuration of the image data-conversion section 40 for changing into 
3 -dimensional scenography the drawing object built within the note PC 31 with reference to 
drawing 2 is explained. The display of the note PC 31 which Operator W carries consists of four 
split screens, as typically shown in drawing 2 . In order to carry out stereoscopic vision of the 
drawing object to an up screen by STHMD10 among these four split screens It generates as an 
image the left eye in consideration of a sight distance when a drawing object sees independently 
by the eye of right and left of Operator W, and an optical-path-length difference, and for right 
eyes, and is displayed (L image and the image for right eyes are hereafter described for the 
image for left eyes as R image.), others - it is outputted to the split screen as numerical 
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information which follows a motion of Operator W with the detection means which Operator's 
W positional information (the view location El, view position E2) mentioned above, and 
changes serially. 

[0033] The high-speed rendering of the drawing object which constitutes above-mentioned L 
image and R image is carried out based on the view location El as this numerical information, 
and the view position E2, and it is updated by the newest image data. And this image data (L 
image, R image) is outputted from a note PC 31 as an analog RGB signal, is changed into an 
NTSC signal by the scan converter further shown in drawing 2 , and is outputted to the HMD 
controller 43 by it. 

[0034] As shown in drawing 2 , it is separated into two image data of right and left of R image 
data and L image data by the scan converter as the image data-conversion section 40, and the 
above-mentioned analog RGB signal can acquire a solid video signal by outputting this image 
data to STHMD by turns. Here, the procedure which generates the 3-dimensional scenography 
for right eyes and the 3-dimensional scenography for left eyes from the drawing object in 
consideration of Operator's W positional information (the view location El, view position E2) 
which is serially stored on the note PC 31, and which was mentioned above is explained briefly. 
First, Operator's W positional information is given as a view parameter to R image and L image 
which were displayed on the screen of a note PC 31 with virtual 3-dimensional scenography 
construction software. And corresponding to the given view parameter, a high-speed rendering 
is performed at a predetermined interval in each image. And the newest image data updated by 
reconstruction is inputted into the 1st scan converter 41 of the image data-conversion section 40, 
and R image data for right eyes is taken out with the 1st scan converter 41. Furthermore, 
through out of the output signal is carried out to the 2nd scan converter 42, and, subsequently L 
image data for left eyes is taken out. Taking an external synchronization, this R image data and 
L image data are switched to a high speed, and are outputted to the HMD controller 43 as the 
video-signal transfer section. The picture signal is changed into the NTSC conformity signal at 
this time. A solid picture signal is sent out to the video-signal receive section 15 of STHMD10 
with which Operator W has equipped through this HMD controller 43, and virtual 
3-dimensional scenography is displayed on the display device in STHMD10. At this time, either 
wireless or a cable is possible for the data transmission from the HMD controller 43 to 
Operator's W STHMD10. 

[0035] Next, the utilization environment of this system of an operator shown in drawing 1 and 
drawing 3 is explained briefly. First, Operator W equips with STHMD 10 near the location used 
as the object for an activity. This STHMD10 is equipped with the gyroscope sensor 23 which 
can measure the revolution of the three dimension Operator's W view as miscellaneous 
equipment. Moreover, with the gestalt of this operation, the crowning of the hard hat which 
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Operator W is wearing is equipped with the reflecting prism 21. By performing laser ranging 
serially by the total station 22 grade set as the known coordinate point behind an activity 
location to this reflecting prism 21, Operators W view location is tracked automatically and, 
thereby, Operator's W positional information is acquired by the absolute coordinate. In addition, 
in the case of the outdoors, Operator's W absolute coordinate can be directly searched for by 
DGPS. 

[0036] Operator W operates the image change controller 31, and chooses construction support 
information required for a future activity from the inside of the construction support information 
database are recording section 32 with the index menu of a construction support information 
database. The drawing object of the construction support information chosen at this time is 
reconstructed as the newest configuration which made Operator's W positional information the 
view, and is transmitted to the display device of Operator's W STHMD10. The display image is 
projected on the half mirror within the visual field of STHMD10 as if it existed in the actual 
space which Operator W is observing through built-in optical system further. The projected 
virtual 3 -dimensional scenography is the completion configuration of the activity which 
Operator W does after this, or is an index which guides an activity. For this reason, Operator W 
can do each activity directly according to the projected image, without carrying out scale out of 
the value of a drawing at hand etc. in a site. When Operator W moves at this time or the head is 
moved, that positional information is serially sent to PC31, and the configuration of a drawing 
object and the renewal of a vanishing point are made. Thereby, according to the view 
information of the operator W after migration, Operator W can pile up a virtual body on actual 
space in the actual space of the direction which he is looking at, and can always follow up 
certainly the activity by which Operator W continued. 

[0037] Next, the example of application in the case of doing an activity at each process in 
tunneling work as an example using this system is explained. Drawing 4 (a) is ** type drawing 
of longitudinal section having shown typically the virtual reality used for the drilling of the 
borehole of the working face at the time of the tunnel excavation by the excavation method by 
blasting. The borehole of a drilling schedule is displayed on this drawing by the imaginary line 
for explanation. On the other hand, the actual space containing the working face 1 which 
Operator W is looking at actually, and the virtual image of the borehole 2 of the drilling 
schedule projected on the half mirror of STHMD10 which Operator W carried have projected 
drawing 4 (b) in the condition of having been superimposed on the location and a direction. 
Operator W can move the head of the drilling rod 5 of the rock drill which borehole 2 location 
as a virtual solid image projected on the face of actual space and the required drilling rod 3 put, 
and was carried in the rock bolt jumbo jet 4 according to the angle on extension of the borehole 
2 projected in three dimension, and can do a drilling activity. At this time, the ground situation 
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in the ground of the working face back is also doubled and projected on the virtual solid image. 
For this reason, the shot activity by weak part la with observation difficult at working face 1 
can be done carefully. Thus, since the borehole 2 of a drilling schedule is displayed on the actual 
working face 1 which Operator W is observing in three dimension, like before, a drilling a hole 
point can be projected with a laser pointer etc., or a drilling rod can put to working face, without 
depending to the case where marking is carried out at intuition, by a spray etc., and an angle etc. 
can be determined as accuracy at it. For this reason, the overbreak of a tunnel decreases 
substantially. Moreover, since a rock drill can be positioned promptly, there is also an advantage 
that the whole routing is shortened. 

[0038] Drawing 5 (a) is drawing of longitudinal section explaining the virtual reality used with 
drilling when building timbering in working face back. When Operator W observes the working 
face 1 side of a tunnel from the assembly location of timbering, in the visual field seen through 
Operator's W STHMD10, the virtual 3-dimensional scenography by which the steel support 6 of 
predetermined size was built in the predetermined pitch in the depth direction as shown in 
drawing 5 (b) has projected. Therefore, the actual timbering 7 is moved so that it may lay on top 
of the timbering location in this virtual 3-dimensional scenography, and timbering 7 is built 
easily for an exact location, and promptly, and can be installed. 

[0039] Drawing 6 (a) is the longitudinal section which showed the condition that the inspector 
who the process to a lining concrete work is completed and conducts finished-work-quality 
inspection of a secondary lining was moving in the inside of a tunnel. In the completion 
condition shown in drawing 6 (a), if the virtual 3-dimensional scenography of the secondary 
lining concrete 8 set as the exact dimension configuration is made to superimpose on the actual 
lining concrete 9 and is observed, the configuration of the lining concrete 9 placed actually and 
the lining concrete 8 beforehand set up on the design and the construction error of thickness of 
lining can be checked. By comparing lap partial 8a of the lining configuration of virtual 
3-dimensional scenography, and an actual lining at this time, the gap with the part which 
became excessive thickness to the design lining cross section of this normal, the part used as too 
little thickness, and a tunnel axis etc. can be known intuitively and checked, and 
finished-work-quality precision can be checked promptly. Moreover, in the 
finished-work-quality inspection by this approach, it is effective in the ability to carry out now 
covering an overall length, walking along finished-work-quality inspection currently omitted for 
every a conventional predetermined distance degree in the tunnel vertical section direction. 
[0040] Next, the measurement data of a site are collected, the result analyzed based on that 
measurement data is generated as predetermined virtual 3-dimensional scenography, this virtual 
3-dimensional scenography is displayed on the real image within the visual field which looks 
actual through the on-site operator's W STHMD in piles, and the gestalt of the operation which 
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enabled it to perform the quick safety check in an on-site location, geological structure 
presumption, etc. is explained with reference to drawing 7 . 

[0041] In this system, the analysis result which collected various measurement data in order to 
perform various kinds of analyses mentioned above, as shown in system configuration drawing 
of drawing 7 , processed the data, and was performed in the analysis section 50 as input data is 
incorporated in the construction support information database 32 and the drawing object 
reconstruction section 34, and is generated as predetermined virtual 3-dimensional scenography. 
[0042] Hereafter, a tunnel construction work is explained to an example like the 
above-mentioned example of construction. The following is typical as measurement data 
collected in a tunnel site. 

(1) The strange-like situation of the strain of the data and the amount of convergence collected 
for every predetermined measurement cross section, the amount of crown settlement 
measurement, the amount of ground displacement in a base rock, stress variation, and a 
timbering member (an H beam, neumatically applied concrete, a rock bolt, rock anchor), stress, 
axial tension, and timbering (an H beam, a rock bolt, neumatically applied concrete) 

(2) Data and working face observation records collected in a face (the image of working face, a 
lithologic character, weathering deterioration extent, the frequency and gestalt of a crack, 
springwater situation, etc.) 

- the strike and dip information on a crack of a base rock ~ die-length data are measured on 
various range finders, a precision photogrammetry, a steel tape, etc. among these, measurement 
which used measuring machine machines, such as an in-situ strain meter, various strain meters, 
and a stress meter, is performed, and other data are collected by the record medium as data of a 
fixed format using the input device of data ROGGA, respectively. 

[0043] Furthermore, each of these collected data are transmitted to the data-processing sections, 
such as PCs, such as an administration building near a site, to continuation thru/or 
predetermined timing based on a well-known communications protocol. Measurement data are 
processed into the data format as the input data of the target analysis system, or an are recording 
item of a database in this data-processing section (preprocessor section). Moreover, the digital 
image collected in the precision photogrammetry mentioned above can acquire a plate 
coordinate by performing an image processing by the predetermined approach. It is effective 
considering this plate coordinate as basic data of a virtual solid image. 

[0044] Although the top view and side elevation which continued from two or more 
cross-section data about the tunnel vertical section direction are obtained especially in the 
"three-dimension geology analysis system" mentioned above as shown in drawing 8 , further, 
these geological structure can be generated as virtual 3-dimensional scenography of this 
invention, and can be laid on top of a actual visual field. Thereby, in working face, as shown in 
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drawing 9 (a) and (b), in each direction of the check-by-looking directions A and B (refer to 
drawing 8 ), Operator W can grasp the magnitude of the fracture zone which cannot be checked 
superficially, a fault, etc., strike dip, etc. in three dimensions including change of the geology of 
the method of the back from tunnel working face. Thereby, it is utilizable for suitable selection 
of various kinds of auxiliary methods of construction applied with progress of working face. 
[0045] Moreover, in the reverse analysis system of the gestalt of this operation, the system of 
the capacity of extent installable in PC installed in the field office is assumed. What processed 
convergence measurement data as input data of the reverse analysis system on this PC is used. 
Usually, in this kind of reverse analysis system, the analytic model of an object cross section is 
created beforehand, and it analyzes by inputting measurement data into this analytic model. A 
circumferential remote crest (base rock) elastic modulus, initial ground stress, and a Poisson's 
ratio are identified in this analysis, and displacement and stress prediction of a natural ground or 
a timbering member accompanying drilling of a next step story can be performed using this 
identification physical-properties value. Therefore, tunnel convergence can be visually checked 
by generating the variation rate of a tunnel levee crown and a side attachment wall as virtual 
3-dimensional scenography, and piling up on a actual visual field. 

[0046] The prediction analysis using a reverse analysis result can also predict the stress of strain 
distribution of a circumferential remote crest or a timbering member with a sufficient precision. 
It can pile up with the image of an implementation field by making into an image these strain 
distribution and stress distribution of a timbering member, the field which the value beyond an 
instrumentation reference value produced as compared with predetermined instrumentation 
reference values (a strain, stress intensity, etc.). drawing 10 — as virtual 3-dimensional 
scenography ~ a natural ground — a tunnel in the condition that projected the design rock bolt B 
of imagination inside, and the timbering operation of Bolt B was then effective against it — a 
natural ground — the stress distribution of the timbering member in a side is ** -type-displayed 
in the contour configuration C. Thereby, Operator W can judge visually which part of a natural 
ground is in an allowed value actually. 

[0047] Moreover, in a cure ****** fuzzy expert system, the geology, the various measurement 
data, the working face image data, and working face observation record which were acquired 
from the site can be collated with the are recording data in a database, and suitable ****** C an 
be selected if needed. It can aim at speeding up of construction, and improvement in precision 
as a guide at the time of construction while selected ****** can make the magnitude and the 
range which were recommended able to reconstruct as a virtual space image according to the 
coordinate of an implementation field, and configuration data, can be piled up with the scene of 
the site which authorized personnel checked by looking and can check the magnitude of the 
****** etc. visually. 
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[0048] furthermore, the danger of starting potentially as a result of key block analysis --****-- 
even when the location of the rock block (key block) to require and magnitude are checked, 
since the key block exists in the ground, it cannot be seen actually. Then, the location and 
magnitude are reconstructed as virtual 3-dimensional scenography, and it enables a location of a 
key block, the direction of ******, etc. which are very hard to specify it as the range which 
authorized personnel are checking by looking by piling up the image in real construction to 
judge easily. Since the direction of drilling always changes [ in the case of a dome-like 
(hemispherical) cavity etc. ] especially unlike the usual tunnel, it is hard to pinpoint a key block 
location. In such a case, the effectiveness is still larger. 

[0049] Plotting of the result of these reverse analyses and key block analysis was conventionally 
carried out as two-dimensional thru/or a three-dimension output. In this invention, an operator's 
view coordinate data is incorporated in these analysis result data, and it is generating as a virtual 
solid image. These image data is changed into image files, such as a DXF file, by the coordinate 
transformation program if needed. And generate as an object which incorporated an operator's 
view coordinate, STHMD is made to give a see-through indication, and information is piled up 
in an operator's visual field. 

[0050] although a display image is usually displayed in three dimensions as three-dimension 
data - predetermined — a natural ground — convergence in a cross section, distortion, etc. may 
attain simplification of data, and may be made legible by indicating by two-dimensional. In 
addition, not only the working face front within the visual field as which the operator regarded 
working face about the display of three-dimension-geological structure but the display covering 
the tunnel whole line is possible. It increases and the various auxiliary methods of construction 
furthermore selected with the fuzzy expert system, for example, an additional rock bolt, and the 
condition of having generated neumatically applied concrete, mirror neumatically applied 
concrete, and the virtual image as which ** etc. considered selection member data, a 
construction pitch, the construction range, etc. by winning popularity the point, and having 
added the auxiliary method of construction to the actual condition ground can be checked 
visually. 

[0051] although the above explanation explained the example of construction an example 
mentioned tunneling work as an example and an example applied the system of this invention in 
each process , it be also possible to perform crest stop work promptly by check the 
configuration of what perform complicated space setting out [ in a location narrow as target 
work ] , and the cutting in earthwork , a landfill , etc. , and give the drilling condition , assembly 
information on timbering , etc. in drilling temporary works . 
[0052] 

[Effect of the Invention] As stated above, the analysis result information on the measurement 
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data adapted to the target site, construction management information, etc. are offered using the 
virtual 3-dimensional scenography piled up and projected on actual space in the construction 
work, and the effectiveness of speeding up of construction, rationalization, and improvement in 
safety is done so. 

[0053] Moreover, the effectiveness of becoming easy to judge range, the ****** section, etc. of 
a reinforcement method of construction concretely is also expectable by three-dimension-izing 
the measurement data and the analysis result which were 1 -dimensional line information or 
two-dimensional side information in this invention, and visualizing as 3-dimensional 
scenography which piled up an operator's vision information further. 

[Brief Description of the Drawings] 

[Drawing 1] Outline system configuration drawing having shown the gestalt of the 1 operation 
using the virtual reality by this invention of a construction support information system. 
[Drawing 2] Outline system configuration drawing having shown the gestalt of 1 operation of 
the image data-conversion section among the construction support information systems of this 
invention. 

[Drawing 3] The ** type explanatory view having shown the gestalt of 1 implementation of the 
system configuration for acquiring an operator's positional information. 

[Drawing 4] The ** type state diagram having shown the gestalt of the operation which applied 
this system to the borehole drilling activity in a tunnel construction work. 

[Drawing 5] The ** type state diagram having shown the gestalt of the operation which applied 

this system to the timbering **** lump activity in a tunnel construction work. 

[Drawing 6] The ** type state diagram having shown the gestalt of the operation which applied 

this system to the lining finished-work-quality inspection in a tunnel construction work. 

[Drawing 7] Outline system configuration drawing having shown the gestalt of the operation 

using the virtual reality by this invention of everything but a construction support information 

system. 

[Drawing 8] The ** type explanatory view having shown the example of an analysis result of a 
three-dimension geology analysis system. 

[Drawing 9] The ** type state diagram having shown the gestalt of the operation which applied 
the data shown in drawing 8 as working face observation data in a tunnel construction work. 
[Drawing 10] The ** type state diagram having shown the ground Yamauchi stress-distribution 
condition by the design rock bolt. 
[Description of Notations] 

10 See-through Head Mounted Display (STHMD) 

11 Goggles 
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12 Graphic Display Device 
15 Video-Signal Receive Section 
21 View Location Detection Means 
23 View Position Detection Means 

31 Image Change Controller 

32 Construction Support Information Database Are Recording Section 

33 Image Data-Conversion Section 
40 Image Data-Conversion Section 
43 Video-Signal Transfer Section 
50 Analysis Section 
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